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The most current version of the ESHB is composed of four chapters, with well over one hundred figures and 

twenty tables in the main body, seven comprehensive appendices, and an extensive glossary. The handbook 

engaged the talent of nine primary authors from four separate organizations, an advisory panel of ten subject 

matter experts, a construct of five different working groups, and another varied host of contributors.
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Chapter 2 presents a review of the currently available and 

emerging electricity storage technologies that are anticipated to 

be available within the next two to three years.  The handbook 

provides a snapshot of the status, trends in deployment, data 

sheets on performance, and design features. Estimates of life-cycle 

costs for each technology are also provided, along with the key 

assumptions. More detailed cost breakdowns for each technology 

and the cost metrics are provided in Appendix B.

Storage Technologies Overview

The portfolio of electricity storage technologies can be considered 

for providing a range of services to the electric grid and can 

be positioned around their power and energy relationship. 

This relationship is illustrated on page 7, which shows that 

compressed air energy storage (CAES) and pumped hydro are 

capable of discharge times in tens of hours, with correspondingly 

high sizes that reach 1000 MW. In contrast to the capabilities 

of these two technologies, various electrochemical batteries 

and flywheels are positioned around lower power and shorter 

discharge times. 

Traditionally, economies of scale have dictated that pumped hydro 

be sized for storage times that exceed 8 to 10 hours – necessary 

to amortize the cost of large storage reservoirs, dams, and civil 

engineering work that are integral to this technology. Similarly, 

CAES requires developing large underground or large steel above-

ground storage reservoirs to store the compressed air. In contrast 

to these large sizes, flywheels and the family of batteries cluster in 

the lower end of the discharge duration spectrum, ranging from a 

few seconds to 6 hours

Approach 

More than 50 battery original equipment manufacturers (OEMs), 

power electronics system providers, and system integrators were 

surveyed and asked to provide performance, cost, and O&M data 

for energy systems they could offer for various uses of storage. 

Vendor responses to this survey provided the basis for the 

information in the data sheets provided. An iterative approach 

was used to review scope of supply, cost data, and operation and 

performance data. Given the lack of credible O&M data for some 

technologies, proxies were developed to estimate fixed, variable, 

and periodic battery replacement costs shown in affordably.

Certain energy storage technologies are still in the R&D stage, 

process and project contingencies costs were added to develop 

installed costs, given the uncertainty in those cases.

Installed cost estimates were developed for the specific services 

and are presented per kW of discharge capacity installed. For 

technology screening-level studies, these cost estimates are 

conceptual estimates that will differ from site-specific project 

estimates for several reasons:

Project estimates are more detailed and based on site-specific 

conditions and use cases. Individual companies’ design bases may 

vary. Actual owner costs as well as site-specific costs in project 

estimates are generally higher. Site-specific requirements, such as 

transportation, labor, interconnection, and permitting, also have 

an impact.

A rating system is used to define an overall confidence level 

for data presented in technology screening studies. One rating 

approach is based on a technology’s development status; the 

other is based on the level of effort expended in the design and 

cost estimate. The confidence levels of the estimates presented 

in this report reflect technology development statuses ranging 

from early demonstration trials to mature development, with a 

preliminary or simplified level of effort. The rating system indicates 

the level of effort involved in developing the design and cost 

estimate.

Storage 
Technology Description Benefits/Limitations
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Step 1a: Grid Opportunity / solution Concepts

Step 1b: Grid Service Requirements

Step 2: Feasible Use Cases

Step 3: Grid Impacts and Incidental Benefits

Step 4: Electricity Storage Business Cases

What is the grid 
operational or
planning problem?

Can electricity 
storage help?

STOP

Defined? Yes

STOP

Go to step
1B

NO?

Decision Diagram for Step 1a: Opportunity/Solution Concepts

Define solution
technical criteria

Convert to 
electricity

storage requirements

Define solution
value

Defined?
Go to
Step 2

Revisit

NO?

Assess anchor
service

Define
compatible use

case

Time-Series
dispatch / cost-
effectiveness

Cost effective
 or nearly so?

Go to
Step 3

Revisit

Net Cost?

Simulate 
Baseline

Scenario(s)
i.e. No Storage

Simulate effects
of storage 
deployment
scenarios

Assess additional
costs / benefits

of storage
Go to
Step 4

Define Scenarios
Stakeholder

Financial Analysis

Compelling 
Business Case?

Net benefit 
for society?

Deploy

 Steps in Electricity Storage Evaluation
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Procurement Category       Characteristics Details

Project Planning 
Engineering 
Design

Site Improvements
and Construction

Startup Testing and 
Commissioning

Total Project
Completion
Timeline

1 2 3 4 5 6 7 8 9 10 15 20

PH and CAES: 24 Years

PH and CAES: 15 Years

PH and CAES: 7 Years

PH and CAES: 2 Years

Years

Batteries
Flywheels

Batteries
Flywheels

Batteries
Flywheels

2 Years

1 Year

2 Years

Batteries
Flywheels

4.25 Years
3.25 Years

3 Months
3 Months

2 Years
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ESHB Appendices Summary

Appendix A: Review of Selected Tools

Tool Capabilities

Technology Screening – ES 
Select™Created by DNV GL KEMA in 
collaboration with Sandia Labs

Assesses feasibility for intended ES applications; designed to work 
with uncertainties of storage application characteristics, costs, 
benefits; decisions in the software program must be made based on 
what is known of the system; tool intended for higher level analysis

ES Valuation Tool

Created by EPRI

Enables assessment of cost-effectiveness of different use cases; 
characteristics include site-customization, user-friendly, and 
transparent model and input; value of ES determined by using data 
from market, transmission, distribution, customer services; many 
outputs including value stream from (chosen) grid services

ES Computational Tool

Created by Navigant Consulting in 
response to DOE/OE’s request

Identifies, quantifies benefits accrued through services provided by 
ES; can be used to determine monetary value of ES deployment

Production Cost Simulation Models

PLEXOS

UPLAN- NMP

Objective of PC models is security-constrained economic dispatch of 
a system’s generation units to meet load

Electric Power System Analysis

Load Flow/ Stability PSS/E

Positive Sequence Load Flow (PSFL)

Used for system planning; results include voltage and frequency 
stabilization; load flow problems solved using dynamic simulations; 
capable of evaluating large scale power systems

Appendix B: Storage System Cost Detail

Appendix C: Sample Procurement Documents

Sample Documents in Appendix Request for Information (RFI), Request for Proposal (RFP), 
Technical Specification for Procurement, Data Requirements for 
Acquisition

Appendix D: Utility and Owner Interconnection Costs and Schematics for Various 
Storage Systems

Appendix E: Regulations (that affect Energy Storage)

Non-Storage Regulatory Proceedings

Investment Recovery Requests

The Evolving Regulatory Environment for Energy Storage

Regulatory Database

Appendix F: Test Facilities (details)

DOE/SNL Energy Storage Test Pad and Energy Storage Evaluation Analysis Laboratory

Energy Storage Performance Test Laboratory

EPRI Knoxville Test Facility

Bonneville Power Authority Energy Storage Test Facility

NREL Energy Systems Integration Facility

Appendix G: Noteworthy Energy Storage Projects

Noteworthy Energy Storage Projects Timeframe ESHB Reference Page

Historical Electricity Storage Projects 1987-2003 PP. G2-G4

ARRA Grant Recipients/ Total $185M DOE Initiative Beginning 2009 PP. G5-G9

DOE International Energy Storage Database Ongoing P. G9

Hawaii Battery Projects Beginning 2009 PP. G10-G15

Five Cost Metrics (with Units) Important Elements for Calculating ES 
System Costs

Installed Cost ($/kW)
Levelized Cost of Capacity ($/KW-yr)
Levelized Cost of Energy (LCOE) (4/MWh)
Present Value of Life-cycle Costs ($/kW Installed)

Life cycle cost analysis
Financial Assumptions
Accepted Methodology
Annual Storage Costs
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Road Maps
Suggested Guide for Utility and Co-op Engineers/System Planners Suggested Guide for System Vendors and Investors 

Suggested Guide for Regulators and Policy Makers What are the services and functional uses of electricity storage? 



2015 ESHB Updates

• Thermal Energy Storage Insights & Results

• Energy Storage System Costs Revisions

• Energy Storage Safety Standards Discussion/Best Practices15
Top elevation of compressed springs


